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ABSTRACT  
 
The aim of this study was to observe cortisol levels and liver histopathology of broiler chicken that were treated with black cumin oil (BCO) 
under heat stress. A total of 15 broiler chickens were used in this study and divided into 5 groups, K- (without treatment), K+ (given heat stress), 
P1 (given heat stress and 0.56mL BCO/400kg body weight, P2 (given heat stress and 1.11 mL BCO/400 g body weight), and P3 (given heat 
stress and 2.22 mL BCO/400 g body weight). Heat stress was given for 5 hours with temperature range of 34-35 C for 7 days. Cortisol was 
measured using the cortisol enzyme-linked immunosorbent assay (ELISA) kit. Liver histopathology was stained with hematoxylin eosin and 
observed with electron microscope. The data were analyzed using one way analysis of variance (ANOVA). This study found that application of 
heat stress to broiler chickens increased cortisol levels and induced histopathological changes in the liver. The BCO administration reduced 
cortisol level significantly (P<0.05) in heat-stressed broilers. BCO administration also significantly reduced (P<0.05) the degenerative changes in 
liver histopathology such as fat degeneration, hemorrhage and necrosis in broiler chickens under heat stress, but did not significantly influence 
the inflammatory cells infiltration. As conclusion, BCO administration to broiler chickens under heat stress can reduce cortisol levels and 
minimize histopathological changes in the liver. 
____________________________________________________________________________________________________________________ 
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ABSTRAK 
 
Tujuan penelitian ini untuk mengamati kadar kortisol dan gambaran histopatologi organ hati ayam broiler yang diberi minyak jintan hitam 
(MJH) dalam kondisi stres panas. Sebanyak 15 ekor ayam broiler dalam penelitian ini dibagi menjadi 5 kelompok, Kelompok K- (tanpa 
perlakuan), kelompok K+ (diberi stres panas), kelompok P1 (stres panas dan MJH 0,56ml/400 kg bobot badan, kelompok P2 (stres panas dan 
MJH 1,11 ml/400 g bobot badan), dan kelompok P3 (stres panas dan MJH 2,22 ml/400 g bobot badan). Stres panas diberikan selama 5 jam 
dengan kisaran suhu 34-35 C selama 7 hari. Kortisol diukur menggunakan kit kortisol metode enzyme-linked immunosorbent assay (ELISA) dan 
pembuatan histopatologi organ hati dengan pewarnaan haematoxylin eosin dan diamati dengan menggunakan mikroskop elektron. Kadar 
kortisol dianalisis dengan menggunakan analisis varians pola satu arah. Hasil penelitian menunjukkan bahwa pemberian stress panas pada 
ayam broiler dapat meningkatkan kadar kortisol dan perubahan histopatologi pada organ hati. Pemberian MJH berpengaruh nyata (P<0,05) 
dalam menurunkan kadar kortisol pada ayam broiler yang diberi stres panas. Pemberian MJH juga menunjukkan pengaruh nyata (P<0,05) 
dalam meminimalisir perubahan sel hati yang berupa gambaran degenerasi lemak, hemoragi dan nekrosis pada ayam broiler yang diberi stres 
panas, tetapi tidak berpengaruh nyata dalam meminimalisir infiltrasi sel radang. Hasil penelitian dapat disimpulkan bahwa. pemberian MJH 
pada ayam brolier yang mengalami stres panas dapat menurunkan kadar kortisol dan meminimalisir perubahan histopatologi pada organ hati. 
____________________________________________________________________________________________________________________ 
Kata kunci: jintan hitam, ayam broiler, kortisol, histopatologi 
 
 
INTRODUCTION 
 
One of the highest growing sectors in livestock 
industry is broiler farming. However, broiler farming 
production could be inhibited by high environmental 
temperature (Andriyana, 2011). Physiological changes to 
heat stress such as increased cortisol level can be used as 
an indicator for heat stress in broiler chickens (Dehnhard 
et al., 2003; Swathi et al., 2012). According to Sugito et 
al. (2007), administration of heat stress at a temperature 
of 33±1 C for 2 and 4 hours can increase cortisol 
secretion in the feces. Heat stress can also cause 
oxidative reactions due to free radicals formation which 
can cause cellular damage (Kregel and Zhang, 2007; 
Maini et al., 2007). A study on heat stress by Sugito et 
al. (2007) found several histopathological changes in the 
liver of broiler chickens such as fat degeneration, 
necrosis and inflammatory cells infiltration.  
Black cumin (Nigela sativa) is an herbal plant that 
is rich in antioxidants, one of which is thymoquinone, 
which can remove free radicals (Kruk et al., 2000). 
Some researchers have proven the efficacy of black 
cumin as an antidepressant in mice (Perveen et al., 
2014). The antioxidants contained in black cumin oil 
can provide hepatotoxic and nephrotoxic effects in vivo 
and in vitro. Black cumin oil significantly improves 
histological parameter and function in reducing 
oxidative stress induced by cyclosporine A. Black 
cumin oil protects kidney tissues from free radicals and 
prevents kidney dysfunction (Uz et al., 2008). Based on 
the description above, this study was conducted to 
investigate the cortisol levels and liver histopathology 
of broiler chicken that were treated with black cumin 
oil (BCO) under heat stress.  
 
MATERIALS AND METHODS 
 
A total of 15 (fifteen) 2-week-old broiler chickens, 
with an average weight of 350-400 g, were used as 
samples in this study. The chickens were then divided 
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into 5 groups, namely K- group (without treatment), K+ 
group (given heat stress), P1 group (given heat stress 
and 0.56 mL BCO/400kg body weight, P2 group (given 
heat stress and 1.11 mL BCO/400 g body weight), and 
P3 group (given heat stress and 2.22 mL BCO/400 g 
body weight). Heat stress was given for 5 hours with 
temperature range of 34-35 C for 7 days. Serum 
samples were taken on the 8
th
 day for examination of 
cortisol level using the cortisol enzyme-linked 
immunosorbent assay (ELISA) kit in accordance to the 
protocol. The entire sampling process was carried out 
at the Research Laboratory of the Faculty of Veterinary 
Medicine, Universitas Syiah Kuala in Banda Aceh. 
Liver sampling was carried out on the 8
th
 day after the 
chicken was necropsied and then fixated in 10% 
formalin solution. Histopathological preparations were 
made in accordance to the standard protocol of 
Pathology Laboratory of the Faculty of Veterinary 
Medicine, Syiah Kuala University, Banda Aceh and 
stained with hematoxylin eosin before observed using 
an electron microscope. 
 
Data Analysis 
The data were analyzed with one way analysis of 
variance (ANOVA). 
 
RESULTS AND DISCUSSION 
 
Cortisol Levels 
The effect of BCO on cortisol levels can be seen in 
Tabel 1. It can be seen from Tabel 1 that the highest 
cortisol level was in the K+ group (5.92 µg/ml), and the 
level subsequently decreases in groups that treated with 
black cumin for 7 days (P1= 4.20, P2= 3.28, and P3= 
3.11 µg/ml), while the lowest value was found in the 
K- group (2.31 µg/ml). Average cortisol levels between 
K- and K+ groups showed a significant difference. 
There were no significant differences among P1, P2, 
and P3 groups, however P2 and P3 showed significant 
differences with K+ group.  
Under stress conditions, cortisol level increases 
accompanied by an increase in body temperature 
(Schaltter et al., 2002). Stress can increase ACTH 
hormone (adrenocorticotropine) level, resulting in a 20-
fold increase in cortisol secretion (Astutik and Elfi, 
2014). Cortisol is also closely related to serotonin 
levels in the brain (Figuerido, 2003). Cortisol levels in 
this study were measured through blood serum. Higher 
level of cortisol can be interpreted as a state of 
depression in test animals (Gerra et al., 2001). The 
antidepressant activity of BCO could be seen by the 
decrease in cortisol level in heat-stressed test animals. 
The lower cortisol levels in treatment group 
compared to the control group showed the influence of 
oral BCO administration. This is in accordance with the 
report of Perveen et al. (2014), which stated that one of 
the compounds contained in black cumin, the 
coumarin, has pharmacological effects as an 
antidepressant. These compounds increase the synthesis 
of 5-HT (5-hydroxytrytamine or serotonin) and at the 
synapses play a role in increasing plasma tryphophan 
concentration in the brain. A study by Randhawa and 
Alenazi (2016) also reported an antidepressants effect 
of BCO on mice tested in a labyrinth of cages. The 
result of the study showed an increase in 5-HT levels in 
the brain, tryptophan brain levels also increased 
significantly. Other studies also reported that black 
cumin acts as an antidepressant through increased 
serotonin (5-HT) (Ahmad et al., 2013). Other 
substances contained in BCO are alkaloids and 
flavonoids (Mangesha, 2015). Alkaloid compounds 
show antidepressant activity which plays a role in 
increasing serotonin levels by reducing 
adrenocorticotropic hormone level (Lee et al., 2005; 
Fortunato et al., 2010; Mao et al., 2011). 
Based on the analysis result of P1 treatment group 
that was given BCO at a dose of 0.56 mL/400 g body 
weight, administration of BCO showed a significant 
reduction in cortisol level. Decreased cortisol levels can 
also be caused by other active compounds in black 
cumin, such as alkaloids and flavonoids. According to 
Yi et al. (2010), flavonoids generally have 
antidepressants effect by increasing serotonin (5-HT) 
and norepinephrin (NE) in the brain (Tian et al., 2010; 
Machado et al., 2012). According to Syarif et al. 
(2011), increased brain serotonin and norepinephrin 
Tabel 1. Average (±SD) serum cortisol level based on treatment groups 
Treatment group Cortisol (µg/mL) 
K- 2.31±0.03a 
K+ 5.92±0.74b 
P1 4.20±1.06ab 
P2 3.28±1.81a 
P3 3.11±0.50a 
a, b, abDifferent superscripts within the same column indicate significant difference (P<0.05) 
 
Table 2. The average value (±SD) of histopathological changes in the liver 
Treatment group 
Fat degeneration Hemorrhage Necrosis Inflammatory cell infiltration 
Average (±SD) Average (±SD) Average (±SD) Average (±SD) 
K- 0.21±0.03a 0.53±0.02b 0.46±0.15b 4.47±0.26a 
K+ 0.33±0.06b 0.67±0.10c 0.54±0.07b 4.49±0.26a 
P1 0.21±0.81a 0.41±0.02a 0.35±0.47a 4.46±0.34a 
P2 0.33±0.29b 0.51±0.03ab 0.51±0.19b 4.46±0.15a 
P3 0.29±0.51ab 0.46±0.00b 0.52±0.10b 4.47±0.18a 
a, b, abDifferent superscripts within the same column indicate significant difference (P<0.05)  
 
Denny Irmawati Hasan et al. 
 
33 
levels will improve mood, increase physical activity 
and increase appetite. Sugito (2007) also stated that the 
flavonoids can reduce heat stress in chickens through 
vasodilation to improve evaporation. 
 
Liver Histopathology 
Histopathological examinations on chicken liver 
found several microscopic features such as fat 
degeneration, hemorrhage, necrosis and inflammatory 
cells infiltration. The average value of liver 
histopathology changes from statistical analysis result 
can be seen in Table 2. Based on Table 2, BCO 
administration to broiler chickens under heat stress 
showed significant differences (P<0.05) in average 
values of fat degeneration, hemorrhage and necrosis in 
the liver, however there was no significant difference 
(P>0.05) on the average value of inflammatory cell 
infiltration. In this study, the highest rate of change in 
liver histopathology is fat degeneration which was 0.33 
in K+ and P2 groups, 0.29 in P3 group and was the 
lowest in K- and P1 groups, 0.21. Whereas for 
hemorrhage, the highest level was in the K+ group, 
0.67, followed by 0.53 in K- group, 0.51 in P2 group, 
0.46 in P3 group and the lowest in P1 group, 0.41. The 
highest level of necrosis was found in the K+ group, 
0.54, followed by 0.52 in P3 group, 0.51 in P2 group, 
0.46 in K-group and the lowest in P1 group, 0.35. The 
highest inflammatory cell infiltration was found in the 
K+ group (4.49), followed by K- and P3 groups (4.47), 
and the lowest in P1 and P2 treatment groups (4.46). 
There was a significant difference in average value 
of fat degeneration between K- and K+ groups. P1 and 
P2 treatments had no significant difference to P3, but 
P1 was significantly different from K+ group. The 
 
Figure 1. Histopathological image of chicken liver. A= K- group without treatment, B= K+ group that was given heat stress; C = P1 group 
that was given heat stress and 0.55 mL black cumin/400 kg body weight,  D = P2 group that was given heat stress and 1.11 mL black cumin/400 
kg body weight, E= P3 group that was given heat stress and 2.22 mL black cumin/400 kg body weigh d= Fat degeneration, n= Necrosis, isr= 
Inflammation cell infiltration, h= Hemorrhage. HE, 400x 
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statistical analysis of average hemorrhage values 
showed a significant difference between the K- and K+ 
groups. The P1 group was significantly different from 
P2 and P3 group, and also from the K- and K+ groups. 
Based on statistical analysis result of the average value 
of liver cell necrosis, there was no significant 
difference between the K- and K+ groups. The P1 
treatment was significantly different from P2 and P3, 
and also significantly different from the K- and K+ 
groups. The results of statistical test on the average 
value of inflammatory cell infiltration did not show a 
significant difference between each groups. 
Based on the results of histopathological 
observations of chicken liver under heat stress (Figure 
1), histopathology in the control group K- showed fat 
degeneration such as vacuoles and inflammatory cell 
infiltration (A), while fat degeneration, necrosis, 
hemorrhage and inflammatory cell infiltration were 
found in the K+ group that was given heat stress found 
(B). Histopathological feature of the P1 group that was 
given 0.55 mL of BCO and heat stress showed normal 
hepatocyte cells with few necrotic cells and few 
inflammatory cell infiltrations (C). In P2 group that 
was given 1.11 mL of BCO and heat stress, there were 
fat degeneration, hemorrhage, and inflammatory cell 
infiltration (D). Histopathological feature of the P3 
group that was given 2.22 mL of BCO and heat stress 
were fat degeneration, necrosis, and inflammatory cell 
infiltration around blood vessels were seen (E). 
Liver is the main organ involved in metabolic 
processes. One of the metabolic disorders that can 
cause hepatocyte cell disorders is reactive oxygen 
species (ROS) formation (Fernandez-Checa and 
Kaplowitz, 2005). Oxidative stress can occur due to 
high environmental temperature, giving rise to 
excessive free radicals (Miller et al., 1993). Free 
radicals or ROS can be formed through enzymatic or 
metabolic pathways. The process of change from 
arachidonic acid to prostaglandin and prostacyclin is 
triggered by lipoxygenase and cyclooxygenase 
enzymes which produce reactive oxygen compounds in 
the form of peroxides and epoxides, and oxidase in the 
form of aldehyde oxidase and subsequently form 
superoxide anion radicals (Sayuti and Rina, 2015). 
Previous study by Aengwanich and Simaraks 
(2004) has shown liver cell damage due to high 
environmental temperatures in the form of fat 
degeneration, necrosis and infiltration of granulated 
leukocytes in the liver tissue. Fat degeneration is a 
morphology change that cause reduction in liver 
function and is caused by accumulation of fat in the 
liver cells cytoplasm until small patches of clear fat can 
be seen (Dannuri, 2009). If fat degeneration continues, 
the cell can experience necrosis (Wulandari et al., 
2007). Cells that experience necrosis will release 
various mediators that will initiate inflammatory 
process and attract inflammatory cells (Kumar et al., 
2009). Hemorrhage is an advanced stage of congestion 
that occurs because sinusoids lost the ability to contain 
blood, resulting in sinusoid stretch which can 
eventually rupture (Sudiono et al., 2003). 
Based on the results of statistical analysis, it can be 
concluded that BCO administration can minimize 
damage by heat stress to liver cells. Thymoquinone, as 
the main active substance in black cumin, is 
responsible for the hepatoprotective effect through 
antioxidant and anti-inflammatory properties. Several 
studies have shown the protective effects of 
thymoquinone against liver cell damage caused by 
ROS by increasing antioxidant defenses in the body 
which acts to clear free radicals in the body 
(Mollazadeh and Hosseinzadeh, 2014).The antioxidant 
mechanism of thymoquinone is through reduction of 
nitric oxide and inducing the activity of antioxidant 
enzymes such as superoxide dismutase (SOD), 
glutathione peroxidase (GPX), catalase (CAT), 
glutathione reductase (GR), glutathione S-transferase 
(GST) and depletes reduced glutathione (GSH) 
(Mabarouk and Cheikh, 2016). 
The average results of each histopathological 
change showed that P1 group had a lower average 
compared to P2 and P3. Based on this statement, it 
meant that the administration of 0.55 mL BCO was 
worse compared to doses of 1.11 mL and 2.22 mL in 
minimizing hepatocellular damage. This could be 
explained by the excessive amount of antioxidant at the 
higher dose, resulting in an imbalance between 
oxidants and antioxidants. This imbalance can cause a 
disturbance in the physiological concentration of ROS 
in the cells that is for normal cellular functions. This 
excessive antioxidant will disrupt cellular physiology 
and ultimately be toxic to organs (Bouayed and Bohn, 
2010). 
A study by Yildiz et al. (2008) study also found that 
administration of black cumin was capable to suppress 
pathological changes and hepatocellular damage due to 
injury. Antioxidant such as thymoquinone works as a 
purifier of reactive oxygen species such as superoxide 
radicals and hydroxyl radicals (Badary et al., 2002). 
Burits and Bucar (2000) tested essential oils from black 
cumin using two-dimensional thin layer 
chromatography method and found that the 
thymoquinone in black cumin had the ability to 
scavenge free radicals that is effective in non-
enzymatic lipid peroxidation and deoxyribose 
degradation. Badary et al. (2002) also proved that 
thymoquinone was able to inhibit microsomal lipid 
peroxidation and these substances were more actively 
act as superoxide anion scavenger. 
In Susianti (2013) study, administration of black 
cumin extract was able to inhibit free radicals from 
damaging the alveolar cell wall, minimizing cell 
damage. According to El-Tahir and Bakeet (2006), 
black cumin extract can prevent alveolar damage from 
antioxidants and had anti-inflammation effect. 
Thymoquinone and nigelon in cumin oil can reduce 
inflammatory reactions through antioxidant activity 
(El-Dakhakhny et al., 2002). The anti-inflammatory 
mechanism in black cumin is inhibition of 
cyclooxygenase II and 5-lipoxygenase in the 
arachidonic acid metabolic pathway and lipid-bearing 
peroxidation (Mohammad et al., 2011). Thymoquinone 
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also has anti-apoptotic effects by reducing 
inflammatory mediators, hence it can prevent cellular 
damage. The repair mechanism involves a decrease in 
the inflammatory response by decreasing levels of 
tumor necrosis factor alpha (TNF-α), nuclear factor 
kappa B (NF-kB) and cyclooxygenase 2 (COX-2) (El-
Sheikh et al., 2015). 
 
CONCLUSION 
 
Administration of BCO to broiler chickens that 
experienced heat stress reduces cortisol levels and 
minimizes histopathological changes in the liver. 
 
REFERENCES 
 
Aengwanich, W. and S. Simaraks. 2004. Pathophysiology of heart, 
lung, liver and kidney in broilers under chronic stres panas. J. 
Sci. Technol. (26):417-424. 
Ahmad, A., A. Husain, M. Mujeeb, S.A. Khan, and A.K. Najmi. 
2013. A review on therapeutic potential of Nigella sativa: A 
miracle herb. Asian Pac. J. Trop. Biomed. (3):337-352. 
Andriyana, L. 2011. Suplementasi Selenium dan Vitamin E terhadap 
Kandungan MDA, GSH-px Plasma Darah dan Bobot Organ 
Limfoid Ayam Broiler yang Diberi Cekaman Panas. Thesis. 
Departemen Ilmu Nutrisi dan Teknologi Pakan Fakultas 
Peternakan. Institut Pertanian Bogor. Bogor. 
Astutik, W. and K. Elfi. 2014. Efektivitas pemberian jus kulit mangies 
terhadap kadar hormon kortisol pada mencit (Mus musculus) yang 
mengalami stress. J. Skala Husada. 11(1):91-95. 
Badary, O.A., A,B, Bdel-Naim, and M,H, Bdel-Wahab. 2002. The 
influence of thymoquinone on doxorubicin-induced 
hyperlipidemic nephropathy in rats. Toxicology. (143):219-226. 
Bouayed, J. and T. Bohn. 2010. Exogenous antioxidants double 
edged srdged swords in cellular redox state: Health beneficial 
effect at physiologic doses versus deleterious effect at high doses 
versus deleterious effect at high doses. Oxid. Med. Cell Longev. 
3(4):228-237 
Burits, M. and F. Bucar. 2000. Antioxidant activity of Nigella sativa 
essenstial oil. Phytoher. Res. 14:232-328.  
Dannuri, H. 2009. Analisis enzim alanin amino tranferase (alat), 
aspartat amino transferase (ASAT), urea darah, dan 
histopatologis hati dan ginjal tikus putih galur Sprague Dawley 
setelah pemberian angklak. J. Teknol. dan Industri Pangan. 
20(1):1-9. 
Dehnhard, M., A, Schreer, O. Krone, K. Jewgenow, M. Krause, and 
R. Grossmann. 2003. Measurement of plasma corticosterone and 
fecal glucocorticoid metabolites in the chicken (Gallus 
domesticus), the great cormorant (Phalacrocorax carbo), and the 
goshawk (Accipiter gentilis). Gen. Compar. Endocrinol. 131: 
345-352. 
El-Dakhakhny, N. Adi, N. Lembert, and H. Ammon. 2002. Nigella 
sativa oil, nigellon and derived thymoquinone inhibit synthesis 
of 5-lipoxygenase productsin polymorpho nuclear leukocytes 
from rats. J thnopharmacol. (81):161-164. 
El-sheikh, A.A.K., M.A. Morsy, A.M. Abdalla, A.H. Hamouda, and 
I.A. Alhaider. 2015. Mechanisms of thymoquinone hepatorenal 
protection in methrotrexate induced toxicity in rats. Mediators 
Inflamm. http://dx.doi.org/10.1155/2015/859383. 
El-Tahir, K. and D. Bakeet. 2006. The black seed Nigella sativa 
Linnaeus- a mine for multi cures: A plea for urgent clinical 
evaluation of its volatile oil. J. T. U. Med. Sc. 1:1-19. 
Fernandez-Checa, J.C. and N. Kaplowit. 2005. Hepatic mitocjondrial 
glutathione: Transpor and role in disease and toxicity. Toxicol. 
Applied Pharm. (204):263-273. 
Figuerido, H.F., B.L. Bodie, M.C. Tauchi, D. Mark, and J.P. Herman. 
2003. Stress intergration after acute and chronic predator stress: 
Differential activation of central trss circuitry and sensitization of 
the hypothalamo-pituitary-adrenocortical axis. Endocrinology. 
144 (12):5249-5258. 
Fortunato, J.J., G.Z. Reus, T.R. Kirsc, B.B. Stringari, G.R. Fries, F. 
Kapczinski, J.E. Hallak, A.W. Zuardi, J.A. Crippa, and J. 
Quevedo. 2010. Effect of beta-carboline harmine on behavioral 
and physiological parameters observed in the chronic mild stress 
model: Further evidence of antidepressant properties. Brain Res. 
Bull. 81(4-5):491-496. 
Gerra, G., A. Zaimovic, R. Ampollini, F. Giusti, R. Designore. M.A. 
Raggi, G. Laviola, T. Macchia, and F. Brambilla. 2001. 
Experimentally induced aggressive behavior in subjects with 
3,4–methylenedioxy-methamphetamine (Ecstasy) Use History: 
Psychobiological correlates. J. Subst. Abuse. 13(4):471-91. 
Kregel, K.C. and H.J. Zhang. 2007. An integrated view of oxidative 
stress in aging: Basic mechanisms, functional effects, and 
pathological considerations. Am. J. Physiol. Regul. Integr. 
Comp. Physiol. 292(1):R18-36. 
Kruk, I., T. Michalska, K. Lichszteld, A. Kladna, and H.Y. Aboul-
Enein. 2000. The effect of thymol and its derivatives on reactions 
on generating reactive oxygen species. Chemosphere. 41:1059-
1064. 
Kumar, V., A.K. Abbas, N. Fausto, and J.C. Aster. 2009. Robbins 
and Cotran Pathologic Basic of Disease. 8th ed. Elsevier Health 
Sciences, Philadelphia. 
Lee, S.A., S.S. Hong, X.H. Han, J.S. Hwang, G.J. Oh, K.S. Lee, 
M.K. Lee, B.Y. Hwang, and J.S. Ro. 2005. Piperine from the 
fruits of piper longum with inhibitory effect on monoamine 
oxidase and antidepressant-like activity. Chem. Pharm. Bull. 
(53):832-835. 
Mabarouk, A. and H. Cheikh. 2016. Thymoquinone ameliorates lead-
induced suppression of antioxidant system in rat kidney. Libyan 
J. Med. 1(6):1-5. 
Machado, D.G., V.B. Neis, G.O. Balen, A. Colla, M.P. Cunha, J.B. 
Dalmarco, M.G. Pizzolatti, R.D. Prediger, and A.L. Rodrigues. 
2012. Antidepressant-like effect of ursolic acid isolated from 
Rosmarinus officinalis L. in mice: evidence for the involvement 
of the dopaminergic system. Pharmacol. Biochem. Behav. 
103(2):204-211. 
Maini, S., S.K. Rastogi, J.P. Korde, A.K. Madan, and S.K. Shukla, 
2007. Evaluation of oxidative stress and its amelioration through 
certain antioxidant in broiler during summer. J. Poult. Sci. 
44:339-247. 
Mangesha, A.Y. 2015. Phytochemical extration and screening of bio 
active compounds from black cumin (Nigella sativa) seeds 
extract. Am. J. Life Sci. 3(5):358-364. 
Mao, Q.Q., Y.F. Xian, S.P. Ip, and C.T. Che. 2011. Involvement of 
serotonergic system in the antidepressant-like effect of piperine. 
Prog. Neuropsychopharmacol. Biol. Psychiatry. (35):1144-
1147. 
Miller, J.K., E.B. Slebodzunska, and F.C. Madsen. 1993. Oxidative 
stress, antioxidant, and animal function. J. Dairy Sci. 76:2812-
2823. 
Mohammad, H., R. Keyhanmanes, S. Khamneh, and M. Ebrahimi. 
2011. The effect of Nigella sativa extract on tracheal 
responsiveness and lung inflamation in ovalbumin sensitized 
guinea pigs. Clinis (Sao Paulo). 66(5):879-887. 
Mollazadeh, H. and H. Hosseinzadeh. 2014. The protective effect of 
Nigella sativa against liver injury: A review. Iran J. Basic Med. 
Sci. 17(12):58-66. 
Perveen, T., S. Haider, N.A. Zuberi, S. Saleem, S. Sadaf, and Z. 
Batool. 2014. Increased 5-HT level following repeated 
administration of Nigela sativa L. (Black Seed) oil produce 
antidepressant effect in rats. Sci. Pharm. (82):161-170. 
Randhawa, A.M. and A.S. Alenazi. 2016. Neuropsychiatric effects of 
Nigella sativa (black seed) - a review. Altern. Integr. Med. 
5(209). http://dx.doi.org/10.4172/2327-5162.1000209. 
Sayuti, K. and Y. Rina, 2015. Antioksidan, Alami dan Sintetik. 
Andalas University Press, Padang. 
Schaltter, H., T. Langer, S. Rosmus, M. Onneken, and H. Fasold. 
2002. A novel func-tion for the 90 kDa heat-shock protein 
(Hsp90) 63 facilitating nuclear export of 60S ribosomal subunits. 
Biochem J. (362):675-684. 
Sudiono, J.B., A. Kurniadhi, B. Hendrawan, and B. Djinantoro. 2003. 
Ilmu Patologi, EGC, Jakarta. 
Sugito, W.D.A. Manalu, E. Astuti, E. Handharyani, and Chairul. 
2007. Histopatologi hati dan ginjal pada ayam broiler yang 
dipapar cekaman panas dan diberi ejstrak kulit batang jaloh 
(Salix tetrasperma Roxb). JITV. 12(1):68-72. 
Sugito. 2007. Penggunaan Ekstrak Kulit Batang Jaloh (Salix 
tetrasperma Roxb) untuk Mengurangi Dampak Cekaman Panas 
Denny Irmawati Hasan et al. 
 
36 
pada Ayam Broiler. Disertation. Sekolah Pasca Sarjana. Institut 
Pertanian Bogor. Bogor. 
Susianti. 2013. Pengaruh ekstrak jintan hitam (Nigella sativa L.) 
terhadap kerusakan sel tubulus proksimal ginjal tikus putih (I). 
JUKE. 3(1):32-37. 
Swathi, B., P.S.P. Gupta, D. Nagalakshmi, A.R. Reddy, and 
M.V.L.N. Raju. (2012). Immunomodulatory and cortisol sparing 
effect of tulsi (Ocimum sanctum) In Stres panased Broilers. 
Tamilnadu J. Vet. Anim. Sci. 9(1):23-2. 
Syarif, A., A. Estuningtyas, A. Setiawati, A. Muchtar, and A. Arif. 
2011. Farmakologi dan Terapi. Edisi ke-5. Departemen 
Farmakologi dan Terapeutik Fakultas Kedokteran Universitas 
Indonesia, Jakarta. 
Tian, J.S., Y. Cui, L. Hu, S. Gao, W. Chi, T. Dong, and L.P. Liu. 
2010. Antidepressant-like effect of genipin in mice. Neurosci. 
Lett. (479):236-239. 
Uz, E., O. Bayrak, E.K. Uz, R. Bayrak, B. Uz, F.H. Turgut, N. 
Bavbek, M. Kanbay, and A. Akcay. 2008. Nigella sativa oil for 
prevention of chronic cyclosporine nephrotoxicity: An 
experimental model. Am. J. Nephrol. 28:517-22. 
Wulandari, T., M. Harini, and S. Listiyawati. 2007. Pengaruh ekstrak 
daun sambiloto (Andrographis paniculata) terhadap struktur 
mikroanatomi hepar dan kadar glutamat piruvat transaminase 
serum mencit (Mus musculus) yang terpapar diazinon. 
Bioteknologi. 4(2):53-58. 
Yi, C., F. Li, X. Zhan, C.C. Cui, F. Xiao, L.P. Zhou, and Y. Xie. 
2010. Involvement of monoaminergic system in the 
antidepressant-like behavioral and neurochemical effects of 
the citrus-associated chemical apigenin. Life Sci. (82):741-
751. 
Yildiz, F., S. Coban, A. Terz, M. Ates, N. Aksoy, H. Cakir, A.R. 
Ocak, and M. Bitiren. 2008. Nigella sativa relieves the 
deleterious effects of ischemia reperfusion injury on liver. 
World J .Gastroenterol. 14(33):5204-5209. 
 
